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Abstract: Several strategies have been proposed to control parasitic plants and these include biologi-
cal control, the use of herbicides, and suicidal germination or trap crops. In the case of sunflower, the
most effective solution is genetic resistance. Nevertheless, the use of resistant cultivars is followed by
the appearance of new and more virulent races of the parasite that overcome the existing sources of
resistance. For this reason, it is necessary to increase our knowledge of the mechanisms involved
in the resistant varieties. In this study, the presence of compounds involved in pre-attachment
resistance mechanisms in sunflower varieties was analyzed. The production of stimulators of the
germination of parasitic plant seeds and the concentration of the haustorial elongation inhibitor,
scopoletin, were measured in exudates of resistant and susceptible sunflower varieties. It was found
that dehydrocostuslactone and orobanchyl acetate are not involved in the resistance of the sunflower
varieties studied. The results demonstrate that costunolide, heliolactone, and scopoletin are related
to sunflower resistance. The sunflower varieties studied do not use all available options to fight
parasitic plants. This could be one of the reasons that sunflower resistance is rapidly overcome
by broomrape.
Keywords: Helianthus annuus; parasitic plants; sesquiterpene lactones; strigolactones; coumarins;
liquid chromatography–mass spectrometry
1. Introduction
Sunflower (Helianthus annuus L.) is one of the most important crops in many regions
of the world, such as Ukraine, Russia, Argentina, and Romania, because it is one of the
major sources of vegetable oil [1]. Sunflowers are one of the higher adaptation crops
because their deep roots prevent erosion and allow them to survive drought and other
unsuitable conditions, growing as they do in hot semiarid climatic regions [2]. However,
the emergence of Orobanche cumana Wallr. (broomrape) in the field reduces the growth and
productivity of sunflower crops because it competes for nutritional resources, damages the
crop, and reduces the yield by up to 50% [3]. Orobanche species are root parasitic plants
and holoparasites that depend entirely on the host for their supply of water and nutri-
ents [4]. Their optimum germination temperature is between 15 and 25 ◦C. Therefore, most
broomrapes are located in the temperate and warm regions of the northern hemisphere,
particularly the Mediterranean region and the Middle East. They can also be found in a
similar climate in Australia, California, and Cuba [5].
The life cycle of broomrape starts with a chemical signal from its host that induces
the germination of the seeds. The seeds can survive in the soil for around 20 years prior
to receiving the signal to recognize their host [6–8]. This strategy ensures the presence
of a host in the vicinity of the seeds, because once the seed germinates, it only has a
few days to find a host before the nutrients in the seed run out. The most important
stimulators of the germination of parasitic seeds are strigolactones (SLs) [9–12]. However,
Agronomy 2021, 11, 501. https://doi.org/10.3390/agronomy11030501 https://www.mdpi.com/journal/agronomy
Agronomy 2021, 11, 501 2 of 14
other compounds have been found to stimulate the germination of parasitic plant seeds.
For example, sunflower sesquiterpene lactones (STLs), such as dehydrocostuslactone or
costunolide, are able to stimulate the germination of O. cumana seeds [13,14]. Once the seeds
have germinated, they connect with their host through an organ called the haustorium,
through which they take the nutrients needed to survive. The parasitic plant then grows
and flowers, and each plant produces thousands of seeds, which infect the soil again [9].
This life cycle, the tiny size of the seeds, and the high quantity of seeds produced by each
parasitic plant, make it very difficult to manage the infection [15].
Several strategies have been proposed to control parasitic plants and these include
biological control, the use of herbicides, and suicidal germination or trap crops. However,
in the case of sunflower, the most effective, feasible, economical, and environmentally
friendly solution is genetic resistance [16]. Nevertheless, the use of resistant cultivars,
which are usually monogenic in nature, is followed by the appearance of new and more
virulent races of the parasite that overcome the existing sources of resistance [17,18]. In
1980, Vrânceanu et al. described five resistant races of sunflower broomrape and these were
denoted as A–E [19]. In the 1990s, race F appeared in the south of Spain [3]. Sunflower
populations that were resistant to race F broomrape were also found in 2002 [20]. However,
new broomrape populations, named races G and H [21–23], that overcome race F resistance
sunflower genes are currently present in Eastern countries such as Turkey, Romania,
Bulgaria, and Russia [19]. The speed with which these races of parasitic plants overcame
the sunflower resistance is a result of the existence of a single mechanism. The success
of genetic resistance will arise with multicomponent mechanisms at different stages of
the infection. The resistance mechanism must avoid some of the steps in the life cycle of
parasitic plants and these are classified as follows: pre-attachment (reduction in the seed
germination or the haustorium development), pre-haustorial (avoiding the penetration of
the haustorium in the roots), and post-haustorial (once the haustorium establishes vascular
connections, the host kills the parasite) [24].
Regarding the pre-attachment mechanisms, phytoalexins have been proposed as
compounds involved in the resistance mechanisms of sunflower. Coumarins, such as
scopoletin, are synthesized by sunflower under biotic stress. In this respect, Wegman et al.
found that the quantity of scopoletin in resistant sunflower was double that in susceptible
sunflower [25], and Gutiérrez-Mellado et al. found that ayapin and scopoletin inhibit the
germination of broomrape seeds, previously stimulated by GR24 (synthetic SL commonly
used as stimulator of parasitic plant germination in bioassays), and produce necrosis in
the germinated seeds as a pre-attachment mechanism [26]. Moreover, accumulation and
high levels of excretion of these coumarins have been described in resistant sunflower in
response to broomrape infection [27].
In addition to the above, a reduction in the levels of germination stimulants in the
exudates could also help to decrease germination and the infestation ratio. Several resistant
species of some host plants, such as vetches, peas, chickpeas, and sunflowers, have shown
low induction of germination [28–30]. In addition, plants with low germination stimulant
production have been used to successfully breed sorghum resistance to Striga [31]. Among
the isolated compounds described in sunflower exudates that stimulate the germination
of Orobanche and Phelipanche seeds are the following: costunolide [32] and dehydrocostus-
lactone [13], two STLs, and heliolactone, a non-canonical SL [33]. Moreover, Yoneyama
et al. employed LC-MS/MS to identify the SLs 5-deoxystrigol and orobanchyl acetate in
sunflower exudates (Figure 1) [10].
Thus, it is necessary to increase our knowledge of the mechanism involved in the
resistance of new varieties and to identify new mechanisms. The aim of this study was to
analyze the presence of compounds involved in pre-attachment resistance mechanisms
in resistant sunflower varieties. With this aim in mind, the production of stimulators
of the germination of parasitic plant seeds was evaluated and the concentrations of the
haustorial inhibitor, scopoletin, were measured by comparing resistant and susceptible
sunflower varieties.
Agronomy 2021, 11, 501 3 of 14
Figure 1. Structures of costunolide, dehydrocostuslactone, heliolactone, orobanchyl acetate, scopo-
letin, the synthetic coumarin used as the internal standard (IS) and GR24 (synthetic SL used as
internal standard).
2. Materials and Methods
2.1. Plant Material and Chemicals
Sunflower seeds from susceptible varieties B117 and NR5 and resistant varieties BR4,
P96, BR3, K96, and R96 were generously provided by Dr. Leonardo Velasco (Institute for
Sustainable Agriculture (CSIC), Cordoba, Spain) [34,35]. Organic solvents were UHPLC
(ultra high performance liquid chromatography) grade and were purchased from Fischer
Chemicals (Geel, Belgium). Water was type I obtained from an Ultramatic system from
Wasserlab (Barbatáin, Spain). Costunolide and dehydrocostuslactone were isolated from
Saussurea lappa [36]. Scopoletin was purchased from Sigma-Aldrich (Steinheim, Germany).
The synthetic coumarin was kindly provided by Dr. Francisco Javier Moreno-Dorado and
Dr. Francisco Guerra-Martínez (Faculty of Sciences, University of Cadiz) [37].
2.2. Hydroponic Culture of Sunflower and Root Exudate Collection
Sunflower root exudates were obtained from 10 fresh plants (three biological rep-
etitions per cultivar) using the procedure previously described by López-Ráez and co-
workers [38]. Seeds were sterilized in an ultrasonic bath for 10 min using a sodium
hypochlorite solution (0.1% v/v). The seeds were then rinsed with distilled water and
germinated in Petri dishes (55 mm diameter and five seeds per dish) with moistened
filter paper in darkness for 4 days at 27 ◦C. Germinated seeds were transferred into pots
(6.5 × 6.5 × 9 cm) filled with a mixture of equal parts of vermiculite, sand, and clay. Plants
were grown under 16/8 h day/night photoperiods in a climate chamber at 27 ◦C and 60%
humidity. The plants were rinsed twice a week, once with half-strength Hoagland solution
and once with distilled water.
As previously described in the literature [33,38,39], phosphate starvation was applied
7 weeks after sowing to promote the production of germination stimulants. Exudates were
collected 1 week later by rinsing the pots with 100 mL of distilled water. The exudate
was filtered through Whatman No.1 filter paper and purified using reverse phase solid
phase extraction cartridges (StrataTM-X 33 µm Polymeric Reversed Phase 200 mg/3 mL,
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Phenomenex, Torrance, CA, USA). Firstly, cartridges were conditioned with 3 mL of MeOH,
then, they were equilibrated with 6 mL of type I water. Next, the exudates were loaded into
the cartridges. Regarding the washing step, 3 mL of type I water and 3 mL of acetone:water
40:60 were used to elute the impurities. Analytes were eluted with 6 mL of acetone:water
60:40, dried, and re-dissolved in MeOH to achieve a concentration of 1 mg/mL. Both of
the internal standards, namely, GR24 and the synthetic coumarin, were added to achieve a
final concentration of 10 µg L–1 for each of the samples. The samples were then filtered
through a syringe filter (polytetrafluoroethylene (PTFE) 0.22 µm) and stored at −80 ◦C.
2.3. LC-MS/MS Analysis
The exudates were analyzed on an EVOQ Triple Quadrupole Mass Spectrometer from
Bruker (Billerica, MA, USA) with an electrospray-ionization source (ESI) in positive mode
following the procedures previously described by our research group [40,41] to analyze
seven SLs (7-oxoorobanchyl acetate [42], solanacol [43], orobanchol [44], strigol [45,46],
fabacyl acetate [47], orobanchyl acetate [48], 5-deoxystrigol [49]) and two STLs (costunolide
and dehydrocostuslactone) (Table S1).
Heliolactone was determined in relative mode using GR24 to compare the concen-
tration present in the sunflower varieties, as an analytical standard is not commercially
available. The UHPLC-MS/MS (ultra high performance liquid chromatography tandem
mass spectrometry) method described above was used for the determination of heliolactone
using the most stable fragments previously reported in the literature. The precursor ion
was m/z 361 and the quantifier and qualifier products were m/z 97 (collision energy (CE,
collision energy) of 20 eV) and m/z 233 (CE of 17 eV), respectively [33]. Only one peak
was observed for sunflower root exudates (at 3.18 min) and the collision energy of each
transition was optimized to obtain the highest signal for this species.
The coumarin scopoletin was analyzed by injecting the samples into the same LC-
MS/MS described above and species were separated using a Kinetex 1.7 µm C18 100 Å
column (100 × 2.1 mm) (Phenomenex, Torrance, CA, USA) maintained at 40 ◦C. The mobile
phase consisted of solvent A (water, 0.1% formic acid) and solvent B (MeOH, 0.1% formic
acid), and the flow rate was set to 0.4 mL/min. The optimized linear gradient system was as
follows: 0–1 min, 50% B; 1–2 min, to 80% B; 2–3 min, 80% B; 3–5 min, 100% B; 5–7, 100% B.
The synthetic coumarin was used as internal standard and was added to all samples to
give a final concentration of 10 µg L−1. This coumarin was selected because it has a similar
chemical structure to scopoletin and because it is not present in the sunflower exudate.
The compound-dependent parameters were optimized by direct infusion on the mass
spectrometer to achieve maximum multiple reaction monitoring (MRM) signal intensities
using argon as the collision gas. For scopoletin (retention time (tR) 2.04 min), the precursor
ion was m/z 193 and the quantifier and qualifier products were m/z 133 (collision energy
(CE) of 22 eV) and m/z 178 (CE of 26 eV), respectively. For synthetic coumarin (tR 3.71 min),
the precursor ion was m/z 233 and the quantifier and qualifier products were m/z 189 (CE
of 15 eV) and m/z 133 (CE of 29 eV), respectively. Calibration curves were also prepared
from 100 to 5 µg·L−1 (6 levels) by following the previously described procedure [40].
The levels of the internal standards were optimized to obtain values similar to those
found in the samples. The peak area ratio (y) of each analyzed compound to the corre-
sponding internal standard was plotted versus the ratio of their concentrations (x). The
resulting square coefficients of regression were higher than 0.99 for all the standards. The
peak area ratio with respect to the internal standard and by reference to the standard
curve was used to determine the levels in the samples. The equation of the calibration
curves and the resulting limits of detection (LOD), quantification (LOQ), repeatability, and
intermediate precision are shown in Table S2.
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Samples were prepared following the previously described procedure [40]. A stock
standard solution of 10 mg L–1 was prepared in MeOH for all standards and the internal
standard. The external standard calibration curves were prepared by serial dilution of
the working standard solution. All standards and stock solutions were filtered through a
polytetrafluoroethylene (PTFE) syringe filter (0.22 µm) prior to analysis and samples were
stored at −80 ◦C. The autosampler was set at 5 ◦C to preserve the samples. The injection
volume was 5 µL. The instrument parameters were as follows: spray voltage +4500 V, cone
temperature 300 ◦C, cone gas flow 15 psi, heated probe temperature 400 ◦C, heated probe
gas flow 15 psi, nebulizer gas flow 55 psi, and collision pressure 2.0 mTorr.
The non-canonical SL heliolactone was determined in relative mode using GR24 to
compare the concentrations present in the sunflower varieties. To determine heliolactone,
the most stable fragments previously reported in the literature were used [33]. Only one
peak was observed for sunflower root exudates (at 3.18 min, Figure 2), and the collision
energy of each transition was optimized to obtain the highest signal.
Figure 2. Chromatogram of the sunflower exudate for heliolactone.
Scopoletin was identified in the exudates of all varieties studied previously (Figure 3)
and determined in sunflower root by UHPLC-MS/MS with electrospray in positive mode
as the ionization source and using a synthetic coumarin (Figure 1) as the internal standard.
Data acquisition, calibration curves, and statistical analysis of the data from the deter-
mination were performed with the software MS Data Review (Bruker Chemical Analysis,
Billerica, MA, USA). Significant differences were determined based on the Analysis of
Variance (one-way ANOVA) followed by Newman–Keuls test at a probability of 95%.
2.4. Cluster Analysis
Cluster analyses were performed using Statistica v.7.0 software (Statistica 7.0, Tulsa,
OK, USA). Euclidian distances and single linkage were used for the analysis.
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Figure 3. Chromatogram of sunflower exudate, scopoletin, and the IS.
3. Results
3.1. Stimulators of Parasitic Plant Germination
In an effort to ascertain whether a pre-attachment mechanism is involved in the re-
sistance mechanism of resistant sunflower varieties, the concentrations of germination
stimulants and inhibitors of haustorial elongation present in the root exudates were mea-
sured. For this purpose, five sunflower varieties that were resistant to O. cumana race F
(K96, BR4, BR3, R96, and P96) were studied and compared with two susceptible sunflower
varieties (B117 and NR5).
The STLs costunolide and dehydrocostuslactone, and the SLs heliolactone and orobanc-
hyl acetate were identified in all varieties. The results are represented in Figures 4 and 5.
Dehydrocostuslactone was the major STL identified in sunflower exudate, with a
concentration of 30 µg L–1 in some varieties and more than 5 µg L–1 in all cases, except
for P96. The highest level of dehydrocostuslactone was found in one of the susceptible
varieties, namely, B117. This variety contained a concentration (34.7 µg L−1) that was almost
three times higher than the highest one found in the resistant varieties (R96: 13.8 µg L−1).
However, the other susceptible variety (NR5) showed a much lower level (6.5 µg L−1), i.e.,
a similar level to those in most of the resistant varieties.
In the case of costunolide, the highest concentration was found in the variety P96
(2.8 µg L−1). P96 was the only variety with values higher than 2.5 µg L−1 for costunolide,
with the other varieties ranging from 0.4 µg L−1 (resistant BR4) to 1.5 µg L−1 (susceptible NR3).
Orobanchyl acetate was the major compound identified in the resistant varieties P96
and BR3, with concentrations of 38.4 and 40.0 µg L−1, respectively. The concentrations
of orobanchyl acetate in the susceptible varieties ranged from 10 to 15 µg L−1. The re-
maining resistant varieties ranged from 5.6 to 11.8 µg L−1, i.e., slightly lower than the
susceptible varieties.
Heliolactone was determined in relative mode using GR24 to compare the concen-
trations present in the sunflower varieties, as an analytical standard is not commercially
available. The results of the analysis are shown in Figure 5 and are expressed as the area of
heliolactone/area of GR24. Heliolactone was present at higher levels in all the resistant
varieties than in the susceptible ones, except for the BR4 variety. The values for the suscep-
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tible varieties ranged from 0.15 to 0.22 µg L−1 and from 0.07 to 0.35 µg L−1 (area values
relative to the internal standard (IS)) for the resistant ones.
Figure 4. Concentrations of dehydrocostuslactone and costunolide in sunflower root exudates of five resistant varieties
(BR4, P96, BR3, K96, and R96) and two susceptible varieties (B117 and NR5). Different letters indicate significant difference
(p < 0.05) according to Analysis of Variance (one-way ANOVA) followed by Newman–Keuls test. Similar letters indicate
non-significant difference.
3.2. Inhibitors of Haustorial Elongation
As mentioned above, coumarins, such as scopoletin, can inhibit the haustorial elonga-
tion of broomrape. Additionally, these compounds produce necrosis of germinated seeds,
which is a pre-attached mechanism [26,27].
Scopoletin (Figure 6) showed similar behavior to heliolactone for both types of sun-
flower varieties (resistant and susceptible). All resistant varieties, except for BR4, showed
higher levels of scopoletin than the susceptible ones, with values that were double those
found in most cases. The values found for the susceptible varieties ranged from 3.60 to
4.32 µg L−1 and the resistant ones (not including BR4) ranged from 6.90 to 10.32 µg L−1.
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Figure 5. Concentrations of orobanchyl acetate and heliolactone in sunflower root exudates of five resistant varieties (BR4,
P96, BR3, K96, and R96) and two susceptible varieties (B117 and NR5). Different letters indicate significant difference
(p < 0.05) according to one-way ANOVA followed by Newman–Keuls test. Similar letters indicate non-significant difference.
Figure 6. Concentrations of scopoletin in sunflower root exudates of five resistant varieties (BR4, P96, BR3, K96, and R96)
and two susceptible varieties (B117 and NR5). Different letters indicate significant difference (p < 0.05) according to one-way
ANOVA followed by Newman–Keuls test. Similar letters indicate non-significant difference.
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3.3. Cluster Analysis
The study involved several varieties and several compounds per variety and as a
consequence, a cluster analysis was performed to identify those compounds related to the
resistant/susceptible properties of the varieties. The resulting dendrogram for compounds
is shown in Figure 7. It can be seen that both costunolide and heliolactone were strongly
related and that scopoletin is related to both of them. However, dehydrocostuslactone and
orobanchyl acetate were located far from that cluster.
Figure 7. Cluster analysis for the compounds based on their concentration in sunflower exudates of all varieties.
The resulting dendrogram for the different varieties is shown in Figure 8. It can be
seen that resistant and susceptible varieties were not in the same cluster but they were
allocated in heterogeneous clusters.
Figure 8. Cluster analysis for the sunflower varieties studied based on the concentration of the analyzed compounds
(costunolide, dehydrocostuslactone, heliolactone, orobanchyl acetate, and scopoletin).
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Given the results shown in Figure 8, an additional cluster analysis was performed
using only the compounds that form a homogeneous cluster in the dendrogram in Figure 7,
i.e., costunolide, heliolactone, and scopoletin. The resulting dendrogram is shown in
Figure 9. In the dendrogram, the susceptible varieties form an isolated cluster from the
resistant ones. It must be noted that resistant variety BR4 was not included in the cluster
for resistant varieties, but in an intermediate situation. The cluster analysis performed
based on the remaining compounds, i.e., orobanchyl acetate and dehydrocostuslactone,
did not produce any specific cluster (results not shown).
Figure 9. Cluster analysis for the sunflower varieties studied based on the concentration of costunolide, heliolactone,
and scopoletin.
4. Discussion
4.1. Stimulators of Parasitic Plant Germination
Firstly, the exuded stimulators of parasitic plant germination were studied. The STLs
costunolide and dehydrocostuslactone and the SLs heliolactone and orobanchyl acetate
were identified in all varieties.
The concentrations of these biocommunicators did not clearly decrease in the resistant
varieties when compared with the susceptible varieties and they were even higher in
some cases. For example, in susceptible varieties, dehydrocostuslactone gave the highest
value (B117) and one of the lowest (NR5). A similar situation was found for orobanchyl
acetate. The levels of this compound ranged from 10.5 to 15.0 µg L−1 for the susceptible
varieties and from 5.6 to 40.0 µg L−1 for the resistant ones. Additionally, it can be concluded
from the cluster analyses that the values for dehydrocostuslactone and orobanchyl acetate
are not useful for grouping susceptible varieties vs. resistant ones. It can therefore be
concluded that these compounds are not involved in the resistance mechanism of the
resistant sunflower varieties studied.
Heliolactone is one of the compounds that allowed the varieties to be grouped in the
cluster analysis in Figure 9. For most resistant varieties, the levels of the exuded heliolactone
were higher than those produced by the susceptible varieties. Therefore, it can be concluded
that a reduction in the production of heliolactone as a stimulator of the germination is not
one of the mechanisms for sunflower plants to prevent the development of broomrape.
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However, the resistant variety BR4 exuded two and three times less heliolactone than the
susceptible varieties NR5 and B117, respectively. This means that BR4 could reduce the
percentage of germination, and consequently the infestation, to protect against broomrape.
Costunolide is an STL that has also been described as contributing to the germination
of parasitic plants. Costunolide was found at lower levels in the resistant varieties than
in the susceptible ones, with only the resistant variety P96 showing a much higher value
(around double) than the susceptible varieties. Therefore, resistant varieties could be using
costunolide to decrease the germination of broomrape seeds. However, there is one variety
(P96) that produces much more costunolide than the other resistant varieties and even more
than the susceptible ones. This finding indicates that P96 employs a different mechanism
than other resistant varieties to prevent the development of broomrape.
Thus, it can be deduced that there are different behaviors in the resistant varieties to
prevent the development of broomrape and that not all available strategies are employed.
4.2. Inhibitors of Haustorial Elongation
As discussed above, coumarins inhibit the haustorial elongation of broomrape and pro-
duce necrosis of the germinated seeds as a pre-attachment mechanism [26,27]. The coumarin
scopoletin was isolated from sunflower roots [16] and it could be involved in the resistance
mechanism of sunflower to inhibit the germination of broomrape.
Scopoletin was found in all sunflower varieties. Moreover, all resistant varieties, except
for BR4, contained higher amounts of scopoletin in their exudates than the susceptible
varieties, with double the amount present in some cases. These results suggest that resistant
varieties K96, P96, R96, and BR3 could employ scopoletin as an inhibitor of haustorial
elongation. As the levels found for BR4 were lower than those from susceptible varieties,
one can conclude BR4 does not use this mechanism to inhibit the haustorial elongation.
Although K96, P96, R96, and BR3 produced some compounds that stimulate broomrape
seed germination, it should be noted that they also promote the synthesis of the haustorial
elongation inhibitor, scopoletin.
In contrast to the above, BR4 uses the compounds related to the activation of germina-
tion rather than the inhibition of haustorial elongation used by the other varieties.
4.3. Cluster Analysis
Using the cluster analysis in Figure 7, it could be inferred that compounds from the
same natural products family are not related because they are not grouped in the same
cluster, i.e., STLs and SLs did not form specific clusters.
On the other hand, regarding cluster analysis in Figure 8 and using all available com-
pounds, a discrimination between the varieties based on their properties against broomrape
cannot be expected. However, using only the compounds that form a homogeneous cluster
in the dendrogram in Figure 7, i.e., costunolide, heliolactone, and scopoletin, the susceptible
varieties form an isolated cluster from the resistant ones (Figure 9). Therefore, these three
compounds can be identified as responsible for the differences between the susceptible and
the resistant varieties.
Therefore, these analyses indicate that resistant varieties are able to produce the chem-
ical compounds that prevent the development of broomrape, but all of these compounds
are not used collectively by each variety.
5. Conclusions
The results obtained confirm that the exuded concentrations of the STL dehydrocos-
tuslactone and the canonical SL orobanchyl acetate are not involved in the resistance of
the sunflower varieties studied. However, the STL costunolide, the SL heliolactone, and
the coumarin scopoletin can be used by the resistant varieties to fight the parasitic plants.
As far as the defense mechanisms are concerned, some varieties can produce compounds
related to the resistance by reducing the germination or inhibiting the haustorial elonga-
tion. However, the sunflower varieties studied do not use all available options to fight
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the parasitic plants. This could be one of the reasons that sunflower resistance is rapidly
overcome by broomrape [17,18].
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